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ART. XV.-Communicalions from the Laboratory of Williams 
Oolle,qe. No. IV.- On the PrOdtlCt (1 the action of Potassium 
on Ethyl Succinate,. by IHA REJl.ISEN. 

IN a notice published a short time ago in this Journal, * I 
describer] a few preliminary experiments, undertaken with the 
object of discovering the stmcture of a peculiar substance 
which is produced when potassium is allowed to act upon 
ethyl succinate, Since the time of the first publication, I have 
been engaged in prosecuting this investigation, the results of 
which are herewith communicated. The communication is 
hastened by the fact that quite recently a similar investigation 
has been undertaken in the laboratory of Wislicenus,t and in 
the publication of the experiments no reference is made to my 
work. 

1. Preparation and Properties. 

The substance under consideration was first obtained by v, 
Fehling:j: in the course of an exhaustive examination of tlJe 
compounds of succinic acid. I give his description of the 
method of obtaining the substance: "If ethyl succinate, which 
has been thoroughly dried by means of calcic chloride, is 
brought in contact with potassium or sodium, the metal be· 
comes oxidized, and the ether is decomposed. At the ordinary 
temperature the decomposition takes place more readily with 
potassium than with sodium. The action begim; instantane· 
ously; an inflammable gas is evolved which conducts itself 
like hydrogen. By gently heating the action is hastened; the 
mass becomes heated spontaneously, and care must hence be 
taken not to heat higher than 30-40 0 at first. In con Ilection 
with the reaction a peculiar penetrating odor is perceived. If 
the action is too violent, the mass may easily be thrown out of 
the vessel in whiC'h it is contained." 

"If sufficient potassium has been added the mass becomes 
thick and viscid, and the color of the mass is brown. '1'hi8 
color appears to arise from secondary decomposition'products" 
-" If water is now added to the mass, and it be heated rapidly 
to boiling, a clear, yellow liquid is obtained, upon which a'n 
oily, yellowish layer floats: but it seems to be important not to 
heat for too long a time. The liquid congeals on cooling, 
forming a soft, pasty mass. By means of a filter the liquid is 
separated from a yellow crystalline mass, and the residue 
washed out with water,"-" The yellowish residue upon the 
filter is purified by repeated recrystallizations from alcohol. 

* Vol. ix, p. 120. t Berliner Berichte, viii, Jahrgang, 1039. 
t Annalen der Oh. Pharm., xlix, 192. 
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The crystalline mass is now white with a slight tinge of yellow, 
possessing a beautiful satin-luster, and is very voluminous." 

The analyses made agreed closely with each other and led 
to the formula CsHsOa. 

"The compound does not dissolve in water. Alcohol dis
solves it readily, particularly with the aid of heat; cold ether 
dissolves it in every proportion. By heating with alkalies this 
product is decomposed, alcohol is given off which can easily 
be recognized by the odor; and a yellow solution is obtained, 
similar to that which was obtained at first by treating with 
water the mass which was produced by the action of potassium 
upon the ether. This solution contains potassic succinate." 
"rrhe crystalline body fuses at 133° and sublimes completely 
at 206°. With ammonia this product forms a bright yellow 
body crystallizing in needles." 

Since the time of the publication of the investigation of v. 
Fehling, tbis substance does not appear to have been reexam
ined. Only Geuther* has indulged in some speculations in 
regard to its structure, though his speculations are not based 
upon new experiments. He proposed to double the formula of 
v. Fehling making it 0, 2 H I 6 ° 6' nnd then suggested that the 
compound was either disuccinic ether or diethyldisuccinic acid. 

In view of the peculiar method of' its formation, it seemed 
desirable to learn something more definite in regard to the 
chemical conduct of the body, and accordingly I prepared a 
considerable quantity of it and subjected it to examination. 
The statements of v. Fehling in regard to its preparation were 
found to be in the main correct. It is not a simple matter to 
tell when the reaction between the metal and the ether is at an 
end, as the mass becomes very thick, even while warm, and, 
the metal becoming covered with a layer of the fully decom
posed mass is kept from further action. It is very important 
too, not to have an excess of the metal, for, as we shall see, 
the new subtance forms with potassic hydroxide, a compound 
which is easily soluble in water, and is also easily decomposed 
by the hydroxide, if the temperature is raised. I found It suf
ficient to recrystallize the prod uct but once from alcohol, obtain
ing it thus almost pure, either in the form of laminre with a 
strong luster, or of needles of considerable length. The alco
holic solution exhibits the property of fluorescence to a marked 
degree, but I have noticed that this property grows less marked 
the purer the compound becomes. The fusing point of the 
compound is given at 133° by v. Fehling, whereas I found it to 
be at 128°. 

* Zeitscbrift fiir Chemie, 1866, 5. 
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2. Metallic Oompounds. 

When sodium·amalgam is allowed to act upon the alcoholic 
solution of the compound, there is produced a voluminous red 
precipitate, which is very easily soluble in water. From the 
aqueous solution, chlorhydric acid precipitates a white sub
stance which is insoluble in water and difficultly soluble in alco
hol. This substance proved to be the original compound. 
'l'he same red precipitate is produced when alcoholic solutions 
of the compound and potassic hydroxide are brought together. 
and a similar precipitate when sodic hydroxide is used instead 
of potassic hydroxide. The latter precipitate was first pre
pared for examination. 

Sodium- Oompound, C 1aR 14 N aaO S +4Ra 0. 
This compound was prepared by bringing together alcoholic 

solutions of the original body and sodic hydroxide. It is 
thrown down immediately, as a beautiful red precipitate. This 
precipitate consists of' microscopic needles. It was filtered off 
and washed out with alcohol. In drying, the color changed 
from red to yeJlow, but it appears as though this change of 
color is not accompanied by a chemical change. The analyses 
gave the following results: 
1 0·201 grams of the substance gave 0·08 grams NaaS04 = 

0·0259 grams N a. 
II. 0'1202 grams of the substance gave 0'048 grams Na2S04 = 

0'0155472 grams N a. 
Calculated. Found_ 

C 12H 14OS 254 68'28 
Na2 46 12'37 12-89 12'93 

4HaO 72 19'35 

372 100'00 
According to this, the substance has the formula C12H14N~06 

+4H 2 0. It is very easily soluble in water, and the body, 
C I.R 1606, is precipitated from this solution on the addition 
of an acid_ By boiling with a little sodic hydroxide succinic 
acid is formed. 

The corresponding potassium compound is mentioned by 
Wislicenus (loc. cit.) Another potassium compound of the 
formula C ,2 H,; KO 6 is also mentioned, the existence of which 
speaks clearly for the formula C I aH 1606 for the original sub
stance, instead of the simple formula COH S0 3 • 

Barium-Oompound, C12H 14Ba.0s +HaO. 

If an alcoholic solution of the substance C '2 H, 0 ° 6 is added 
to baryta water, a beautiful rose-colored precipitate is pro-
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duced, similar to that produced with sodic hydroxide. This 
was filtered off from the solution of baryta·water and rapidly 
washed out with hot water. During the process of filtration 
the surface of the liquid on the filter was carefully protected 
from the influence of the air by a perforated cover which was 
connected with a tube containing potassic hydroxide. After 
all baryta had been washed away, the residue was boiled with 
alcohol, and again rapidly filtered in order to remove any un
combined C, aH, 606' It was then dried and anal.yzed with 
the following results: 
0'1904 grams of the substance gave 0'1085 grams BaS04 = 

0'065'7U8 grams Ba. 

254 
13'7 

18 

Calculated. 
62'10 
33'50 

4'40 

409 100'00 

Found. 

33'51 

The formula is therefore C'2H'4Ba06+H20. The com
pound is very stable. As was seen above it can be boiled 
with alcohol or water without undergoing decomposition. It 
is, however, decomposed by acids just as the sodium-compound 
is, the substance C, 2 HI 606 being precipitated. 

Oalcium-Oompound, C12H14CaOS +HaO. 

If lime-water is used instead of baryta-water, a precipitate is 
produced, which is, however, of a beautiful lemon-yellow color. 
This was purified in the same manner as the barium-compound. 
The analysis gave the following numbers: 
0'21 '72 grams of the substance gave 0'093'7 grams CaS0 4 =0'02'75 

grams Ca. 

254 
40 
]8 

Calculated. 
81'41 
12'82 

5'77 

312 100'00 

Found. 

12'67 

Magnesium- Oompound.-When the body C 1 2 H , 606 is boiled 
in water with magnesia, a purple compound is produced, which 
resembles the above described compounds in many respects. 
This is probably the same compound that is mentioned by 
Wislicenus as having been prepared in another way. 

We have here then a series of peculiar metallic compounds, 
which are not salts in the usual acceptation of that term. '],he 
substance C12H1606 is not an acid; at least it does not con
tain the group COOH, for it is entirely unaffected by the alka
line carbonates, and, its metallic compounds are themselves 
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decomposed by carbon dioxide. Wislicenus proposes the 
formula 

CH2 ·CO.CH.CO.O.C2 H b 

6H2.co.6H.co.o'C2 H Ii 
for the original compound, according to which it is ethyl 
succinylsuccinate, a derivative of succinylsuccinic acid. The 
metallic compounds are explained by supposing the hydrogen 
atoms of the groups OR to be replaced by the metals, the 
hydrogen in these groups having a somewhat acid character. 
It seems to me that the great stability of the ether which we 
have above recognized speaks against this formula. Most 
acids, which consist of atoms grouped in the manner indicated 
by the above formula, are decomposed by boiling with baryta
water, whereas we have seen that this substance may be boiled 
with baryta-water without undergoing decomposition. It is 
true that we know ver,Y little concerning bibasic acids of this 
structure, and it is possible that what is true of the monobasic 
acids is only partially true of the bibasic. Be this as it may, it 
is certain that the experiments thus far published will not per
mit the positive conclusion that the above formula is the true 
one, and further investigations would be called for whether the 
formula is correct or not. 

3. Action of phosphuric Chloride upon the body 0 I 2 R I 606' 

With the hope of learnipg something more definite concern
ing the nature of the oxygen-atoms contained in the substance 
under examination, I next undertook the st.ufly of the action of 
phosphoric chloride upon it. At first I employed two mole
cules of the chloride to one molecule of the substance. When 
the two are brought together in a dry vessel, no action ensues 
until heat is applied. If the mass is ver,Y gently heated~ the 
substance 0 12 R I 60 ~ melts, and immediately reaction com
mences, and continues then without the further aid of heat, 
until the contents of the retort form a clear, homogeneous liquid. 
The reaction is accompanied by an evolution of chlorhydric 
acid, the amount of which, however, was such as to leave me 
in doubt whether this was a necessary product of the reaction, 
or was formed from the secondary decomposition of the phos
phorus compound which distilled over. The oxichloride of 
phosphorus was distilled off by gentle heat, and the oil in 
the retort then treated with water. Decomposition soon began 
and there resulted a solid, insoluble product. On examination 
this proved to be the original substance OuR, 606' As the 
amount of this product was comparatively considerable, I at 
once concluded that a chloride had been formed by the first 
reaction which by its decomposition with water yielded the 
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mother-substance. This conclusion proved subsequently to be 
erroneous, in such a way as to show that the first error in judg
ment was partially excusable. In a second series of experi
ments, I employed four molecules of the chloride to one molecule 
of the substance, and thus reached new results. The same phe
nomena accompanied the reaction, that were noticed in the case 
already described. The direct produet was a clear, yellow oil. 
This was treated with a little cold water. At first the oil simply 
fell to the bottom of the vessel, but in a short time decomposi
tion commenced, and gradually the oil disappeared, a solid 
product remaining in its stead. On being filtered off and 
examined, the solid product proved to be a new acid, compara
tively easily soluble in water. In the filtrate there was also 
contained a considerable quantity of the new substance, which 
was extracted by shaking with ether. The new aeid crystal
lizes out of the concentrated aqueous solution in luminre which 
are colored yellow. In alcohol it is exceedingly easily soluble. 
It dissolves in a little potassic carbonate, and is precipitated 
fr~m the solution on the addition of a few drops of chlorhydric 
aCld. 

As this product is easily soluble in water, it is plain that it 
escaped me in the first experiment, by remaining: dissolved in 
the water which served for the decomposition of the chloride, 
a sufficient quantity of water having been employed to dis
solve the whole of the produet, if the conversion of the substance 
C 12 H," 0 6 into the chloride had been complete. That which 
was realI.Y found ill the first experiment was simply a part of 
the original substance, which had not been acted upon by the 
chloride of phosphorus. 

If we attempt to distil the chloride for the purpose of purifi
cation the mass is complt'tely carbonized. A few drops of a 
colorless liquid boiling at a high temperature pass over, but the 
quantity of this liquid is too small to admit of an examination. 
It is decomposed by water, and the product is solid. It was 
impossible to determine the nature of the solid, owing to the 
small quantity obtained. It is not probable that it was succinic 
acid, for, in that case, the chloride from which it was obtained 
would have become solid at a low temperature, whereas it 
remained liquid even when cooled down to 0°. 

If the product of the action of phosphoric chloride on the 
substance C I aH 1606 is heated for some time. it gradually 
becomes solid, or nearly so, and then has the appearance of a 
translucent resin. I analyzed this compound, but the numbers 
obtained did not agree in different analyses It appears, thus. 
that condensation and decomposition of the chloride al'e caused 
by heat. 

As the most important result of these experiments with 
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phosphoric chloride, then, we see that, if four molecules of the 
chloride are caused to act upon one molecule of the substance 
C 12 H 1606, a liquid chloride is formed which is decomposed 
by water yielding a new acid. I have not yet studied this new 
acid, and can, therefore, not state in what manner it is derived 
from the original substance. As it can apparently be prepared 
in any desirable quantity with comparatively little trouble, its 
examination will probably give interesting and positive results. 

In addition to the results already recounted, I will mention 
the following: 

1. Acetyl clllon'de exerts no influence upon the substance 
C loR I nO 6' It simply dissolves it when gentle heat is applied, 
hut, on cooling, the unchanged substance cr.ystallizes out. This 
result could be anticipated with considerable certainty, as the 
presence of alcoholic hydroxyl in the substance was not at all 
probable. Still the experiment was necessary to prove the 
fact, no matter how probable it might appeal'. 

2. Ammonia does not act upon the substance either in 
aqueous or alcoholic solution. v. Fehling (loc. cit.) states that 
with ammonia the body yielded a. bright yellow compound 
crystallizing in needles. I endeavored in vain to obtain such 
a compound. I first boiled the substance with very strong 
aqueous ammonia; it remained unchanged. I then conducted 
dried ammonia gas into an alcoholic solution of the substance. 
The solution turned deep yellow in color, but I was unable to 
extract from it anything save the original substance. This 
indeed, sometimes crystallizes in needles-a fact which may 
have misled v. Fehling. By analogy we should expect the 
formation of a compound with ammonia corresponding to the 
metallic compound described above. It is possible that some 
change in the conditions may lead to its formation. 

3, Hydrogen in the nascent state (from tin and chlorhydric 
acid) does not act upon the substance. If the group CO is 
present, it is difficult to see why this should not be converted 
into the secondary alcohol group CR.OR by the action of 
hydrogen. 

4. A solution of potassic permangunate, as well as dilute 
nitric acid, oxidize the substance very slowly. 'l'he products 
of the oxidation I have not vet examined. In connection 
with the oxidation by means of potassic permanganate a peculiar 
phenomenon was noticed which deserves mention. I have 
stated that the oxidation took place slowly; the product was 
not an acid, so that the manganic oxide formed was precipitated; 
but, further, the substance oxidized was insoluble in water, so 
that the manganic oxide, being produced in contact with the 
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faces of the insoluble crystahl, was deposited in even layers 
upon them, forming thus a complete envelope, and giving a 
genuine pseudomorph. I was at first deceived by this strange 
pseudomorph, believing it to be the product of the oxidation. 
It was insoluble in water, and appeared to be insoluble in 
alcohol. I founa, however, afterward, that the alcohol dissolved 
the central portions of the pseudomorphs leaving the envelopes 
unchanged in form. 

5. The substance was heated w#h water at 1500 in a sealed 
tube. At this temperature decomposition took place, but not 
at a lower temperature. The products of the reaction were 
alcohol, and a solid, wbite CJ'ystalline substance which conducted 
itself in some respects like succinic acid. The alcohol was 
detected by placing the whole product in a flask and distilling 
with water. The distillate was tested by Liehen's reaction* 
for the formation of iodoform. 

The experiments which have thus been described do not 
suffice to enable us to judge positively in regard to the structure 
of the substance under investigation. I have stated above the 
view held by Wislicenus, and also my objections to this view. 
It remains yet to be decided whethel' my objections are well 
founded, and this can be done only by the aid of new experi
ments. 




